ABSTRACT Device-centric architecture is an aspect of fifth generation communication whereby devices/user equipment is able to directly communicate with other devices with minimal involvement by the base station (BS). However, devices that are not within their proximity area communicate with other devices (relay). In this paper, we propose a device-centric scheme for relay selection in a dynamic network scenario. In this scheme, once the communicating devices have reached the maximum distance threshold, they exchange neighbor tables and find common devices (relay) for further communication. In addition, we propose a new relay selection scheme for scenarios, where the devices have more than one device (relay) in common. The proposed relay selection scheme is based on several parameters, including signal-to-noise ratio (SNR), signal-to-interference plus noise ratio, residual battery power, buffer space, and reliability; this provides more reliable and efficient communication. The current relay schemes, including max-min and max-max, are network assisted; the network/BS decides the relay, which increases the load on the BS side. The BS selects relay based on channel state information or SNR, which does not provide efficient or reliable communication. Our proposed device-centric scheme depends less on the BS during relay selection, which reduces network overhead, and the relay selection scheme provides more efficient and reliable communication. A comparison with other relay selection schemes shows that our scheme is 30% more effective in each case.
I. INTRODUCTION
The communication system industry has become well known for mobile and cellular networks. Due to daily increasing the high traffic volume over the internet [1] , it is not possible to accommodate data flows in third and fourth generation cellular systems. The transition from 4G to 5G should maintain the quality of service (QoS) and quality of experience (QoE) that not only involves peak data rate, coverage and spectral efficiency but also reliability, improved energy efficiency and easy of connectivity with nearby devices [2] , [3] . Device-todevice (D2D) communication on a 5G platform is a possible solution [4] , [5] .
Device-to-device (D2D) was introduced with the fourth generation licence band (LTE release 12 in 2012) [6] . In 5 G D2D communication, devices are able to communicate either directly or by partial involvement of the Evolve Node B (eNodeB) or the base station (BS), if both devices are within other devices known as relays [10] - [14] . An advantage of Multihop D2D communication is that it increases spectral and energy efficiency by increasing proximity area reuses and hop gain. Hop gain refers to the use of a single link for the uplink and downlink in the D2D mode. Communication in Multihop D2D is network assisted [11] , [15] , [16] ; where the BS chooses the relay and allocates the resources. The relay selection is based on the available SNR/CSI. After selecting the relay, the BS allocates the radio resource [17] - [22] to the selected relay.
Several authors have investigated the challenges and practical issues of Multihop communication in D2D communication for 5G. In [23] , the authors discussed the new paradigm for 5G. One of the important paradigms is device-centric architecture, that reduces the load on the BS side, that is also discussed [3] . In this paper, the authors suggested that device relaying can be operator controlled (DR-OC) or device controlled (DR-DC). In the device relaying, the BS does not involve link establishment process also. The link establishment process is performed by device itself. Our work formulates this concept of selecting relay devices without relying on the help of operators (BS).
Furthermore, there are several methods for relay selection based on user-centric, content centric, BS-centric. In [24] , the authors proposed user centric relay assisted scheme in which every D2D uses submit a bid to the base station based on Vickrey-Clarke-Groves auction based relay allocation mechanism (ARM). In [25] , the author proposed a relay selection scheme to deliver the mobile social content by using the selective agent and relay nodes. In [26] the authors proposed a BS-centric relay selection scheme with limited contribution in terms of reliability, secrecy and pricing model [27] . Pricing model has been discussed in [28] where the authors proposed a novel incentive scheme for the relay based on game theoretical approach.
Secrecy is more important in information relaying. In [13] , the authors proposed a secure relay selection scheme at the physical layer on the 5G communication platform. The authors also discussed the level of efficiency exhibited by each relay class in terms of their impact on delaycritical applications and green communications applications while aiming for a specific security level at the physical layer. In [29] , the authors proposed secrecy maximization oriented relay selection and multi-relay oriented relay selection schemes for improving the physical layer security. Fig. 1 depicts the active relay selection. In the cooperative network, although the entire devices are ready to act as a relay but this does not guarantee to provide a minimum data rate for end to end communication. Therefore, in the relay selection case, only those relays will participate (called active relays) that provides the minimum data rate for end-to-end communication.
Although a number of relay selection schemes have been employed for various cooperative applications using different techniques, in this paper, we re-examine its basic form. There are two types of relay, simple decode and forward (DF) and amplify and forward (AF). In this paper, we only consider simple decode and forward (DF) [30] relay, whereby a source communicates with a destination through a set of half duplex relays. Each device works as a relay with a finite size of buffer space [26] .
Motivation: The upsurge in users and applications require higher data rates with increased capacity. To fulfil these user requirements, it is necessary to rethink the mobile and wireless network architecture [31] and consider disruptive changes to the technology in the 5G direction. The devicecentric architecture approach is one of the key technologies for the 5G network [23] . Current cellular technology (2G-3G-4G) is base station (BS) centric; the BS must make decisions for functionalities such as resource allocation, interference management, power management and relay selection for cellular and D2D communication.
When devices are not in their proximity area, they communicate through other devices (relay). The numerous relay selection schemes-max-min [32] , max-max [26] , and max ratio [33] are used for relay selection. These schemes are base station (BS) centric or centralized; the BS selects the relay, which increases the load at BS side. With respect to the max-min relay selection policy [32] , the BS selects the relay based on instantaneous and global CSI or SNR. This relay selection policy does not consider several factors such as the buffer, interference and battery consumption. The buffer space problem was removed in the max-max [26] relay selection policy, which increases end-to-end delay because it searches for the best link. Other drawbacks are interference, more battery consumption due to dependency on more than one device.
The existing relay selection policies are BS centric, thus do not conform to 5G in particular in terms of the devicecentric-architecture. An additional drawback in the existing relay selection schemes is that they employ only SNR for selecting the relay; this does not provide reliable and efficient communication for several reasons: battery limitations [34] , reliability of selected relay that will relaying the information, mobility of devices and issues related to pricing model [5] , [27] , [28] of operators. Therefore, the main motivation of this work is to propose a scheme that not only reduces the load at BS side during relay selection in a dynamic network scenario but also improves the quality of experience (QoE). In addition, several other parameters are considered: SINR, link capacity, residual energy, buffer space, and reliability during relay selection. Our scheme combines these parameters and selects the relay that cooperates for communication and maintains the quality of service (QoS) and quality of experience (QoE).
Key Contribution: In this paper, we enhance our research with the following objectives.
• A communication method is devised for device-centric architecture in 5G Networks that is based on a relay section procedure.
• An exclusive relay selection methodology in dynamic networks is devised that makes a unique contribution to the field (to the best of our knowledge)
• The technique selects the parameters including interference, reliability, buffer space, and residual energy ahead of the SNR value.
• The relay selection scheme provides an optimized solution framework, which improves the overall network performance.
• A reliable communication is proposed. Reliability of the device depends upon how many times it acts as a relay, once it has been selected as a relay. The paper is organized as follows: In section II, we discuss several relay selection schemes. In section III, we propose a device-centric-scheme for identifying a common neighbour (relay) in a dynamic network scenario. In section IV, we propose a relay selection scheme based on several parameters where multiple neighbours are common. In Section V, the experimental result and discussion is addressed. And the conclusion is provided in last section.
II. RELAY SELECTION POLICIES
In this section, we discuss main base station-centric relay selection policies such as max-min [32] , max-max [26] , maxlink [35] and max-ratio [33] in the cooperative network. The major drawbacks are that they are base station centric and single parameter (SNR) is used for relay selection by the BS. Therefore, these schemes do not satisfy the fifth generation QoS and QoE parameters, in particularly device-centric architecture and standards regarding reliability and energy efficiency. In our scheme, we use a device as relays [15] . During relay selection, the communicating devices decide the best relay (another device) for further communication when the communicating devices are not in their proximity area.
The max-min relay selection policy is discussed in [32] . This selection policy is considered to be the optimal selection scheme for a conventional decode and forward relay setup without buffer. This policy selects the best relay from a set of available relays for source-to-destination communication.
The selection of the best relay is based on local CSI. The max-min relay selection scheme does not consider buffer of relay that reduces the network throughput. A another commonly used relay selection policy is max-max relay [26] with buffering capacity. The buffering capacity is at the relay node, which results in a performance gain over conventional relay selection policy (max-min). This scheme chooses the best link path between the source-to-relay and relay-todestination; therefore, relay can be changed that depends on the presence of two different relays. The drawback over this scheme is to increase the dependency more than one relay.
Another commonly used relay selection policies are max-link and max-ratio as discussed in [33] and [35] . The major advantage over max-link selection policy [35] is that rather than selecting a relay in a two-slot cooperative manner, where the first slot is dedicated to selecting the best link path between the source-to-relay and the second slot is for relay-to-destination. Max-link relay selection policy dynamically allocates each slot to the source or relay transmission depending upon the instantaneous channel information and the occupancy of the relay's buffer. The max ratio relay selection scheme is used for secure transmission between source to destination. This policy selects the best relay based on highest gain ratio among all available relay.
The above relay selection schemes and several other selection schemes [12] , [36] , [37] are based on SNR, SINR, channel state information (CSI) and feedback system. These relay selection policies are network assisted where network/BS has to choose the relay based on static and instantaneous CSI or SNR. This result increases the network overhead on the BS side. Reducing the base station load is one of the primary concerns for 5G communication. Therefore, it is necessary to develop some relay selection scheme whereby the device can itself decides the relay and informs the base station regarding allocation of resources for further communication.
The other important issue that is not addressed by these policies is energy efficient and reliable communication between communicating devices through the relay. The selection of relay should be the focus because in the future, more than 90% of communication will be indoors. Therefore, the selection of a single parameter is not a feasible solution for energy efficient, reliable communication between communicating devices, which is missing from these policies. In this paper, we draw attention over these issues and propose a device-centric scheme that includes best relay selection and that conforms to the 5G framework.
III. RELAY SELECTION PROCEDURE
In this section, we propose a device-centric scheme for relay selection in which the communicating devices select the relay itself without the involvement of the base station. This relay selection procedure is based on neighbour-table exchange process. If the single device is common between the communicating devices, the devices will automatically select it for further communication and inform to the base station for resource allocation. In addition, we also propose VOLUME 4, 2016 a new optimized relay selection scheme for case where there are multiple neighbour relays (devices) in common; this is described in the next section.
A. NEIGHBOUR TABLE EXCHANGE
In Fig. 2 , device UE 6 is communicating with UE 7 in direct D2D mode, while device UE 1 and UE 2 are communicating with the eNodeB. The other devices UE 3 , UE 4 , UE 5 , UE 9 , and UE 10 are within the range of cellular coverage. Each UE has a neighbour table, which is updated periodically using beacon signal. The dynamic network provides the freedom to communicate with a high degree of movement. Devices UE 6 and UE 7 broadcast a beacon packet periodically to identify their neighbours. The eNodeB is responsible for allocating the resource block. When any device wants to communicate with another device, it sends the request to the eNodeB to connection establishment and allocates the resource. If the other device is under same the BS and direct communication (D2D) is possible, the initial connection is established through eNodeB, and further communication is performed under D2D. Device UE 6 is able to directly communicate with UE 7 . In Fig. 3 , we illustrate the coverage range of the device/UE. This coverage range is divided into zones depending on the signal strength of the device (strong zone, good zone, weak zone and no coverage area). During direct D2D communication, UE 6 or UE 7 move from the current location (Fig. 4) . Due to the random behaviour of users, there are two possibilities in mobility conditions: Either the devices move closer to each other or away from each other. If the devices move closer, there is no need of other device (relay). Because they are in their own proximity area, they are able to exchange the packet (until the weak zone is reached). However, if the devices are moving away from each other, an additional device (relay) is needed. In Fig. 4 , device UE 7 is moving away from UE 6 , and thus the received signal strength (RSS) value will continue to grow weaker. After a certain time frame, when the received signal strength (RSS) decreasing and is approaching its threshold (γ ) (see Fig. 3 ), there is less possibility for direct D2D communication. The communicating devices search for another device, which acts as a relay. Therefore, the devices initiate the exchange for packet information. This packet contains the updated neighbour list information.
In Fig. 4 , UE 7 changes its location while communicating; it sends a packet as it reaches a weak zone (Fig. 3) . This packet contains an updated neighbour list for UE 6 . At the same time UE 6 has also updated its neighbour table by broadcasting a beacon packet. After UE 6 receives the neighbour list packet, it sends an acknowledgement to UE 7 . Device UE 6 compares its neighbour list with the UE 7 neighbour list and finds common neighbours. After selecting a common neighbour (relay), the devices initiate further communication with the help of the selected relay. This selected relay should satisfy the minimum data rate in addition to efficient energy and reliability. At the same time, the communicating devices also inform eNodeB that they have chosen particular device as a relay for further communication.
If there is a neighbour in common then both communicating devices will initiate communication with the selected device (relay). If there is more than one neighbour relay in common, the communicating device chooses the best possible relay. This selection is based on some predefined criteria, which is discussed in the next section. This device centric approach reduces the load at the BS side.
If the communicating devices do not find common neighbour, they will send the request to eNodeB for a relay selection or switch to cellular communication. If eNodeB does not search for a relay (absent other devices in the UE area), the communicating devices move to a conventional communication system i.e through the BS. We introduce some notation as described in Table 1 .
Let X be total D2D users and D be the number of pairs' initiation to exchange neighbour tables for a relay in any time frame. In successful neighbour table exchanges, device (source) sends the packet that contains the neighbour list to the destination side and waits for positive acknowledgement from the destination side. Let us assume that t pkt is total time period for the successful completion of a neighbour table exchange process between communicating devices t pkt = t tranmit + t ack (1) Where, t tranmit is the time period for transmitting the packet to the destination and t ack is the time period for receiving positive acknowledge from the source. Because there are D numbers of user initiation to exchange neighbour tables, there is a chance of collision during this time period. Let p op denote the optimum probability that a source successfully receives a packet and receiver is informed. The optimum probability is the maximum probability of success in
In [38] , one time slot is for one user, where the other UE also sends packet and the probability of a successful message exchange between UEs
Let s be the total number of successful message exchanges for different UE pairs in t time slots. The probability of having more than one successful message in t time slots is
If we need to satisfy (4) a probability of success greater than η in t time slots, then
This leads to
The above equation (5) gives the number of time slots in which UEs should exchange neighbour table packets. The high probability signifies that most of the communicating devices (CU or D2D)/UEs select the relay themselves and only then send the relay information for resource allocation to eNodeB.
IV. MODEL DESCRIPTION FOR BEST RELAY SELECTION
Once the neighbour table has been successfully exchanged between communicating devices, the device finds common neighbours for further communication. Choosing the best neighbours is an important means of meeting the user QoS and QoE. The proposed model description is divided into three parts. In this section, we present the system model, problem formulation and relay selection scheme for different cases.
A. SYSTEM MODEL In Fig. 4 there are three devices/relays (UE 5 , UE 11 , UE 9 ) present between the source (UE 6 ) and destination (UE 7 ), which work as a relay (R) for further communication.
The channel coefficient or channel gain between S − R k , R k − D at t time frame is denoted as g sr k (t) and g r k d (t). The channel gain also contains the path loss and small-scale fading. We assume that the channel is quasi-static Rayleigh fading; therefore, the channel coefficient remains unchanged during one packet duration. Apart from this, the distance dependent path loss model is used to measure the power loss.
In this paper, we use the UMi path loss model. In this model, a reception is successful when the signal-to-noise-ratio (SNR) at the receiver is above a SNR threshold γ thres . Therefore, in the case of a half-duplex UE and relay devices, with additive white Gaussian noise (AWGN) as η, the SNR between source to relay can be expressed as
The SNR between the relay to destination is
The best relay selection from multiple relays' between the source and destination is based on the SNR value achieved by selecting one relay (R k ) out of k available relays. The best selected relay, R b is
Shannon's law for end-to-end link can be used to provide intuitive approaches to transmit power reduction. The achievable data rate between the source to relay and relay to destination is
where f SR k and f R k D are the allocated bandwidth for source to relay and relay to destination. The best relay selection between source to relay and relay to destination is based on channel capacity; one relay is selected out of k available relay. The selected best relay, R b is
There are n number of devices (CU and D2D users) who create interference on the relay side and m number of users who create interference on the destination side.
Therefore, the signal-Interference-to-Noise ratio (SINR) at the relay end and destination end is-
The SINR between relay to destination is
where g R k D is the channel gain between relay to destination, P R k is the transmitted power of the selected device (relay), P m is the transmitted power of m th device and g R m D is the channel gain between other devices to the destination which creates interference. The best relay selection from multiple relays' is based on the SINR value achieved by selecting one relay (R k ) out of k available relays. The selected best relay R b is
To increase the network lifetime, it is necessary to choose those devices (relays) that have sufficient energy. Every device has different battery power and its power decreases as it communicates [39] . Therefore, devices with less energy are not ideal relay selection. The remaining battery power for any time instance is
where P res is the residual energy of k th relays, P total is the initial energy of k th relay, r is the data rate and P c is the circuit power. P tx depends on the transmission distance. The best relay selection is (14) Reliability is one of the most important parameter in relay selection of devices. Reliability can be computed based on the number of times it acts as a relay when it is selected as a relay. Therefore, the selection of the best relay on the behalf of reliability is:
Where α denotes the number of times it acts as a relay and β denotes the number of times it was selected for relay. Due to uneven network conditions, the link quality between the source to selected relay and the selected relay to destination may not be the same; therefore, it is necessary to choose those relays that have sufficient buffer space. The relay buffer holds the data. The relay finds better link quality between relay to the destination, then it sends to the data. We assume that different devices have different buffer size capability and that i th relay has φ b,i buffer elements and each element can store one packet. The best relay selection is
B. PROBLEM FORMULATION
In the proposed model description, there are a numbers of parameters that are important for relay selection. Therefore, in problem formulation, we consider several parameters that improve the overall QoS of the network. The relay selection can be described as follows:
The constraint C1 restricts the minimum power transmitted by the source and relay, which reduces the interference for other CU/D2D users. The constraints (C2), (C3), (C4), and (C5) show that the selection of each parameter should be greater than its threshold value. The above relay selection problem is a multi-attribute-decision-making problem; therefore, the relay selection is based on a ranking algorithm. Thereafter, assign the weight for each parameter depends upon network condition and the best possible relay that is found.
C. BEST RELAY SELECTION PROCEDURE
To select the best relay, the communicating device calculates the dynamic threshold value for each participating parameter. This threshold value depends upon commonly selected active relays. For each scenario, dynamic threshold values will differ. This dynamic threshold can be determined for a particular parameter by taking the average of all participating devices/relays. In the case of relay selection, we have observed that SNR is one of the main contributing factors; therefore, SNR will be common for each relay selection case. In this section, we present different relay cases. Each section is further divided into sub cases. These sub cases draw attention to some special applications. In many applications, delay should be minimal or power constraint communication should be required in urban areas due to charging issues or reliability, where the selected relay will definitely forward data with security to the destination side. In the first case, only two parameters are considered for relay selection. In the second case, three parameters are considered for choosing the appropriate relay. In the last case, relay selection is based on entire parameters, which has already been introduced into the system model.
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Case 1 (Relay Selection Based on Two Parameters):
In this section, we consider two parameters in which SNR will be common.
a. Energy-constrained relay selection scheme: To increase the network life time and device life time, it is necessary for the relay that is selected to have sufficient energy. Each device (relay) has different residual energy therefore, in the relay selection case where the energy is important in particularly hilly areas or rural areas where there are charging issues. We consider only two parameters SNR and the battery power of relay for selection of best relay. The weighted value of residual battery power will be higher in those places where limited power is constrained.
b. Reliability-constrained relay selection scheme: We assume that all the devices (UEs) will cooperate in relay selection but in a real network scenario, this is not possible. There is a possibility that the device/UE will contact some other device, or it does not participate due to the operator pricing model or other benefits (more bandwidth allocation). In our proposed method, we introduce reliability constraints, which depend on how many times the devices act as a relay when it is selected for relay. The high value indicates that the UE has a greater chance of participating in relay selection. In addition to reliability, it also increases security. Therefore, in reliability-constrained case, we consider only the signal-to-noise ratio and its reliability
C. Delay-constrained relay selection scheme: As we know, devices have different configurations, and therefore, the size of buffer is also different. Generally, the link quality differs between source to relay and relay to destination, which reduces the network throughput. The buffer improves the network throughput. This relay selection policy is based on the availability of buffer space. The selection of the best relay is
where ϕ R K is the buffer size, and it should be that 0 < ϕ R K < L, where L is the maximum buffer space.
Case 2 (Relay Selection With a Combination of Three Parameters):
Given multi multiple user requirements and variable network conditions; a single parameter cannot satisfy the user requirement. Therefore, in this subsection, the best relay is based on three parameters, where the signal-to-noise ratio will be common in each relay selection policy. We have taken different combinations of weight values for the selection of relay depending on the application. In the first case, reliability is important with energy constrains. For example, in the case of rural or mountainous areas, the user (source) wants to send a message to the destination end with the help of a relay. In the second case, a high data rate is required in addition to a minimum end-to-end delay network with battery constraint; in the last case, reliability is important with delay constraint.
Case 3 (Relay Selection With Combination of All Parameters):
In the above, the selection of the best relay is based on three parameters. In this case, we consider all the parameters for the selection of the best relay node from multiple available relays between communicating devices. The selected relay gives the optimal result in terms of the high data rate, throughput, energy efficiency, and reliability. The major problem associated with the selection of the relay is determining the order and ratio of the parameter to assign the weight.
Most of the authors the proposed relay selection scheme based on SNR and only a few authors used SINR for relay selection. Because SINR based selection criterion requires knowledge regarding instantaneous interfering channels, which may be unavailable in practice [40] , [41] . Apart from that, other nearby devices can create near to same interference to all available relay. Third important factor to select the relay is remaining battery power of relay. If the relay has sufficient battery power then it acts as relay otherwise it may deny even if it has sufficient buffer space and high reliability. Fourth important factor is sufficient buffer space at relay, as different manufacturing companies keep different size of buffer space. To reduce the packet loss, sufficient buffer space is required. From the literature survey, we have observed the importance of each parameter.
Therefore, the sequencing of the parameter is in decreasing order SNR > SINR > P R > φ R > H l > θ where P R the battery power of the relay is, ϕ k is the size of relay buffer space, H l is the link quality and θ is reliability factors. The selection of the best relay is based on a ranking algorithm [42] . This algorithm is based on multi-parameter decision making and the Mahalanobis distance vector. We assign the initial weight based on the dynamic threshold value. The selection of the best relay is performed as follows:
V. EXPERIMENTAL RESULTS AND DISCUSSION
In this section, we present an analytical numerical evaluation in MatLab for the performance of a two hop relay transmission scheme with best relay selection in the absence of a direct link between communicating devices that is operating over a random fading channel. For the numerical evaluation, we perform Monte Carlo simulations in which the program is run 100 times, and then the average is calculated to plot the graph. The weight of each parameter can vary from 0.1 to 0.9 depending upon the application and network conditions. Initially, we assign the weight depending on the threshold; next, we assign the weight based on a ranking algorithm.
To design the threshold in a dynamic network environment, we take the average value of a particular parameter of all participating relays between communicating devices. This threshold value always satisfies the minimum criteria for data transmission as well as other users' requirements. For a battery constrained threshold, the source or destination device takes the average value of all participating relay battery power and assigns its mean value as 0.5 thresholds. We also design the threshold value for the buffer as well as reliability similarly. In Table 2 , we provide a list of simulation parameters and the default values.
In the dynamic network environment, number of participating relay between the source to destination can be change. There are several statistical methods for finding the threshold value such as mean, median, mode, average. Due to less number of participating relay between source to relay (max 10) therefore, we choose average for finding the threshold value initially. As the dynamic of the network changes, the weight has been assigned to different parameters on the basis of their criticality in the present condition. For that we have assigned different weight value to each parameter such as in rural area or hilly area where there is an issue with charging device, we assign more weight to battery power parameter [13] . 5 shows the number of requests for selection of relay through eNodeB vs. the number of D2D pairs that sent the request for relay selection. This figure shows that at initially, the number of D2D requests are few i.e the network is not congested; thus, there is a greater probability of successfully exchanging the neighbour table. When the network is dense, there is greater chance of collision during exchange of neighbour tables. We assume that each request is considered as 1; in a network assisted or centralized relay selection scheme [26] , [32] , [33] the number of requests (overhead) is equal to the number of D2D pairs, that require a relay for further communication; our device-centric scheme reduces this overhead by as much as 40%. Therefore, our proposed relay selection scheme reduces overhead in contrast to any other network-assisted relay selection schemes.
In Fig. 6 , we investigate the impact of the battery being constrained on the relay selection schemes. We consider a minimum threshold value of 0.4. At this threshold value, the centralized schemes (max-min SNR, max-max SNR, maxmin SINR, max-max SINR) give nearly the same result, while our proposed scheme gives a success probability ratio of as much as 0.9. When the threshold value increases (from 0.4 to 0.9), we observe that the successful probability of max-max SINR leads to a better performance than that of max-min SNR, max-min SINR and max-max SINR, the result of the proposed scheme are superior to the result of the other relay scheme.
Next, in Fig. 7 , the success probability of a selected relay vs. the reliability constraint threshold is plotted. In the centralized scheme, we assume that all devices are cooperative in relay selection but in a real network scenario, this is not possible. For instance, the selected device may attempt to call another device, or it may not participate due to operator's pricing model or less available energy. Initially, the threshold value is 0.1, and at this threshold, the success probability of different schemes is around 90% while the relay selection from our scheme is near 100%. When the threshold value increases (from 0.2 to 0.5), it seems that the success probability of max-max SINR leads to a better performance than maxmin SNR, max-min SINR and max-max SINR; the proposed scheme offers better result than those produced by the other relay scheme. Fig. 8 plots the success probability of selected relay vs. a buffer constrained threshold. This figure depicts the success probability of selected relays over different schemes having sufficient buffer space at a particular threshold value. Devices have different configurations; therefore, the buffer size is also different. Due to uneven network conditions, the link quality may differ between source to relay and relay to destination (source to relay is exhibits SNR compared to relay to destination); therefore, more number of packets will be lost due to insufficient buffer space on the relay side and reduces the network throughput. Initially, the threshold value is set to 0.3, and the success probabilities of different schemes vary from 72% to 85%, while that of our scheme is more than 90%. When we increase the threshold value the success probability of max-min SINR is better than that of max-min SNR, maxmin SINR, and max-max SINR; while our scheme produces better results than those of the other relay schemes.
FIGURE 9.
Reliability with battery-constrained selection scheme for different relay selection schemes (from eq. 21). Fig. 9 plots the success probability of selected relay vs. the combine reliability and battery power of a constrained threshold. This figure shows that a selected relay from different schemes is more reliable and has more battery power is greater than a particular threshold value. Initially, the threshold value is set to 0.1, and at this threshold, the success probabilities of different schemes vary from 58% to 65%, while the relay selection from our scheme is more than 90%. When the threshold value is increased (from 0.2 to 0.8), the probability of success of max-min SINR is greater than maxmin SNR, max-min SINR and max-max SINR, while our scheme produces better result than those produced by all other relay schemes. Fig. 10 plots the probability of success of a selected relay vs. a combination of reliability and a buffer-constrained threshold. This figure depicts the probability that a selected relay that is more reliable and has battery power is more successful than a particular threshold value. Initially, the threshold value was set to 0.1, and at this threshold value, the success probabilities of different schemes vary from 65% to 72%, while the relay selection from our scheme is more than 90%. When the threshold value is varied (from 0.2 to 0.8), our scheme performs better than the other relay schemes.
Finally, in Fig. 11 , we plot the graph between the success probabilities of a selected relay vs. a threshold for the entire parameter considered. This figure shows that initially, when the threshold value is set to 0.1, the success probability of relay is 50% with max-min SNR, 46% max-max SINR and 40% with max-min SINR and max-max SNR; our proposed scheme produces an 80% probability of success. We increase the threshold value to 0.2 and the success probability of max-max SINR is decreases compared to maxmax SNR. When we increase the combined threshold value (from 0.1 to 0.9), our proposed scheme produces the best result. 
VI. CONCLUSION AND FUTURE DIRECTIONS
In this paper, we draw attention to relay selection in Multihop D2D communication on a 5G platform. First, we propose a device-centric relay selection scheme where the device itself chooses the other device (relay) for further communication. Then, we investigate the list of mandatory parameters for the best relay selection, which improves the QoS and QoE. Furthermore, we use dynamic threshold and Fuzzy AHP to assign the weight of each parameter depending on the user/application/network requirements and select the best relay based on the weight assignment. To show the efficiency of the proposed scheme, we perform Monte Carlo simulation and numerical analysis on overhead reduction at eNodeB and the probability of success of the appropriate relay selection, which maintains the quality of service (QoS) and quality of experience (QoE). An interesting extension of this work would be to identify other parameters for relay selection in addition to the optimization technique. The proposed scheme only works when user speed is normal. In addition, we have not addressed pricing models and their effect on relay users and resource allocation for maximum throughput. 
